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. Structures of selected compounds tested in the cytotoxic activity.
RESULTS
In our previous isolation work on S. graminosum [8] we isolated ethyl haematommate (2) , and from Stereocaulon montagneanum (Stereocaulaceae) we found stictic acid (4) [11] , but not enough to continue to work on their cytotoxic activities. In order to obtain enough secondary metabolites from this species more extraction and isolation work was carried out and due to limited availability of sample S. graminosum only atranorin and stictic acid could be isolated and characterized.
From table 1 and figure 2 , out of 15 compounds tested for their cytotoxic activities against HSC-3 cells only 3 compounds showed high-moderate activity with IC50 < 100 μM; alpinetin, stictic acid, pinostrobin, with IC50 values of 12.76 μM, 39.50 μM, and 81.54 μM respectively, while the positive control cisplatin gave IC50 value = 20 μM.
The results of cytotoxic activity on MCF-7 cells showed that out of 6 extracts tested there were 3 extracts showed moderate activity E. scaber, B. pandurata, and A. paniculata with IC50 values of 47.36 μg/mL, 47.78 μg/mL, and 60.41 μg/mL, respectively. Out of 15 tested isolated compounds, there were 4 compounds that have high-moderate activity against MCF-7 cells with IC50 values <100 μM; curcumin, α-mangostin, deoxyelephantopin, and stictic acid, with IC50 values of 12.65 μM, 34.35 μM, 64.29 μM, and 95.78 μM, respectively. 
DISCUSSION
Lichens have been used in traditional medicine such as Traditional Indian Medicine (TIM), Traditional Chinese Medicine (TCM), Homeopathic and Western Herbal Medicine, to treat various diseases like arthritis, alopecia, constipation, kidney diseases, leprosy. The medicinal agents of lichens are noticed due to the existence of secondary compounds i.e. usnic acid, atranorin and stictic acid. Lichens constituent's bioactivity study have also revealed antimicrobial, antitumor and immunomodulator activity [12] . In this study, HSC-3 cell lines looked more sensitive toward the constituents of Lichen S. graminosum stictic acid than MCF-7 with IC50 39.50 and 95.78 µM respectively. Activity of stictic acid toward MCF-7 has been done previously but there was no IC50 reported [13] . It seems from this study that the constituents of Lichens need more attention to explore their activity against other cancer cell lines further.
Our previous work indicated that B. pandurata of different ecotype gave different chemical constituents. Sumatran ecotype of B. pandurata with its major constituent pinostrobin (10), pinocembrin (11), alpinetin (12) [7] has been traditionally used by Sumatran people for treatment of diverse diseases. Previous study showed various activities of extract and fractions [14] . In this study methanolic extract was active against MCF-7 with IC50 47.78 µg/mL. There was no report on the activity of pinostrobin and alpinetin toward HSC-3, we found their IC50 were 81.54 and 12.76 µM respectively. This work indicated very weak activity of pinostrobin (IC50 >100 µM) and alpinetin (IC50 >100 µM) against MCF-7 which were similar to previous reported work [15; 16; 17] .
C. longa beside as a cooking spice and natural coloring matter in food, it is also used as an antiinflammatory, antioxidant, hepatoprotective, chemopreventive and chemotherapy. Curcumin as its major compound was found active as cytotoxic agent toward multiple myeloma, pancreatic cancer, myelodysplastic syndromes, colon cancer and radioprotective properties. These major constituents perform in multidrugresistant breast cancer, prostate cancer and colon cancer [18] . Curcumin can prevent metastasis by suppressing adhesion of cancer cells [19] . In this study, we found curcumin (9) gave strong activity against MCF-7 with IC50 12.65 µM. α-Mangostin as a major constituent of the pericarp of G. mangostana L. has been reported to have cytotoxic activities against colorectal cancer cells (HCT 116), hepatocellular carcinoma cells (HepG2) and breast adenocarcinoma cells (MCF-7) with IC50 68.9 ± 2.9 µM, 53.8 ± 3.2 µM, and 51.5 ± 2.8 µM, respectively [20] . α-Mangostin (13) in our study gave activity against MCF-7 with IC50 34.35 µM. 
CONCLUSION
The three extracts tested for their cytotoxic activities against MCF-7 cells showed significant effects. E. scaber extract showed the strongest activity against MCF-7 cells with IC50 = 47.36 μg/mL. For isolated compounds, curcumin showed the strongest activity against MCF-7 cells with the value of IC50 = 12.65 μM. Whereas towards HSC-3 cells, alpinetin showed the strongest activity with the value of IC50 = 12.76 μM.
MATERIALS AND METHODS
All solvents were analytical grade or distilled before being used. TLC was carried out using silica gel 60F254 (Merck) and visualized under UV light (254 nm). Column chromatography was performed on silica gel 60 (0.063-0.200 nm) (Merck). Melting points were measured by using a Fisher -John Melting Point Apparatus, UV Spectra were obtained in MeOH using a UV-Vis Spectrophotometry (Shimadzu Pharmaspec 1700 ® ), while IR spectra were obtained on an Infrared Spectrometry (Perkin Elmer ® ), The nuclear magnetic resonance (NMR) spectra were obtained on a Bruker Avance II at 500 and 125 MHz). Some isolated compounds from Sumatran medicinal plants were available in our laboratory from previous work; ethyl haematommate from S. graminosum [8] , eugenol from Syzygium aromaticum, hydroxychavicol from Piper betle, and curcumin from Curcuma xanthorrhiza [21] , pinostrobin, pinocembrin and alpinetin from B. pandurata [7] . α-mangostin from Garcinia mangostana and andrographolide from Andrographis paniculata [22] , deoxyelephantopin from E. scaber [23] , angiopteroside from Angiopteris evecta [24] , olivatolic acid from Cetrelia sanguinea [25] , stevioside from Stevia rebaudiana [26] .
Plant material

Chemistry
Preparation of plant extracts
Fresh leaves of E. scaber, P. betle, A. paniculata, and rhizomes B. pandurata, A. galanga, K. galanga (100 g) were maserated thrice with methanol then evaporated in vacuo to give thick extract 3.04, 5.59, 12.19, 3.35, 0.75, 1.79 g respectively.
Isolation of major constituents of S. graminosum
The sample used was whole thallus of lichen S. graminosum, which was sorted, dried, chopped, blended to obtain lichen powder (132 g) and macerated in turn with n-hexane, ethyl acetate (EtOAc) then acetone (3x3 days each). The combined hexane extracts filtered, evaporated in vacuo and recrytallized from EtOAc-hexane to give atranorin (15 mg), The combined EtOAc extracts was filtered, evaporated in vacuo to give solid residue (2.16 g). This was chromatographed on silica gel and eluted with toluene, EtOAc, and formic acid (70 : 25 : 5) . Fractions that gave similar behavior on TLC were combined, evaporated and recrystallized from EtOAchexane to give atranorin (1) (65 mg) and stictic acid (4) (37 mg). Spectral data of these two compounds were very similar to that of references.
Aceton extracts were combined then filtered, evaporated in vacuo to give solid residue (1.74 g). This thick residue was chromatographed on silica gel, eluted with toluene, EtOAc, and formic acid (70 : 25 : 5) to give fractions. The fractions that gave similar behavior on TLC were combined, evaporated and recrystallized to give atranorin (30 mg) and stictic acid (20 mg).
Atranorin (1) -colorless needles; mp 191-192 °C (undepressed in admixture with reference compound; Spectral data were also identical to that of reference previosly isolated from Stereocaulon halei [27] .
Stictic acid (4) -colorless needles; mp 215-228 °C (dec) (undepressed in admixture with reference compound. Spectral data were also identical to that of reference previously isolated from S. montagneanum [11] .
Cytotoxic activity
Two cancer cell lines were used in this study as a pre-screen: MCF-7 and HSC-3 cancer cell lines which were provided by Prof. Masa-Aki Ikeda of Tokyo Medical and Dental University, Tokyo. Cells cultured in DMEM medium were purchased from GIBCO (Invitrogen Corporation, USA), supplemented with foetal bovine serum (FBS), 200 U/mL of penicillin and 200 µg/mL of streptomycin, at 37 0 C in an atmosphere of 5% CO2. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) was purchased from Invitrogen (USA), dissolved in sterilized Phosphate Buffer Saline (PBS) at 5 mg/mL and filtered to remove a small amount of insoluble residue present in some batches of MTT. At the times indicated below, stock MTT solution was added to all wells of an assay, and plates were incubated at 37°C for 4 h. DMSO 100 µL was added to all wells and mixed thoroughly to dissolve the formazan crystals. After a few minutes at room temperature to ensure that all crystals were dissolved, the plates were read on a Dynatech MR5000 Microplate reader, using a test wavelength of 570 nm and reference wavelength at 630 nm.
Data analysis
The data were presented in the form of means ± standard error (SE). Statistical significance was calculated using One-Way ANOVA coupled with Dunnett's t-tests and followed by post hoc test, with p<0.05 were considered significant.
